Hop (Humulus lupulus) is one of the richest natural sources of a prenylfalvonoids such as xanthohumol (XN), desmetylxanthohumol (DMX), isoxanthohumol (IX) or 8-prenylnaringenin (8-PN), being XN the most abundant of them in the raw material. So far, obtention of prenylflavonoids have been done by chemical synthesis or extraction with organic solvents, with no described methods for the isolation of IX, which has been reported to have anti-inflammatory properties. In this study, pressurized hot water extraction (PHWE) it is shown not only as effective method to extract some prenylflavonoids but to selectively change the relative amount of them, favoring the extraction of IX against XN. Thus, pressurized water extraction at 150ºC showed a high selectivity towards IX, being proposed as a method to enrich natural hop´s extracts in IX. On the other hand, the extracts thus obtained were chemically characterized and evaluated for their anti-inflammatory activity, which was higher than the expected by its content in IX.
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4 the corresponding flavanones. Thus, DMX, considered as the precursor of the most flavonoids present in hop, gives a 1:1 racemate 6-prenylnaringenin (6-PN) with 8-prenylnaringenin (8-PN), which has been found to be the most potent phytoestrogen described until now (Zanoli, P. & Zavatti, M. 2008; Chadwick, L.R. et al. 2006) .
Further the chemistry, under physiological conditions, 8-PN derives from IX through activation by intestinal microflora (Possemiers, S. et al. 2008) or by liver cytochrome P450 (Guo, J. et al. 2006 ).
Isoxanthohumol, besides to be the direct precursor of a potent phytoestrogen in diet, it has been suggested to have anti-inflammatory properties (Young-Chang, C. et al. 2010; Jeong Ho, J. et al. 2010) . It´s great potential as functional ingredient justifies any effort for its obtention and isolation. Nowadays, different processes have been described
to extract prenylflavonoids such as XN from plant materials, based on the use of supercritical fluids (Biendl, M. et al. 2005) , as well as on solvent pH adjustment (Ono, been an increasing interest in the use of environmentally clean technologies able to provide high quality and high activity extracts while precluding any toxicity associated to the solvents. In this sense, technologies such as PLE (Pressurized Liquid Extraction),
where pressure is applied to allow the use as extraction solvents of liquids at temperatures greater than their normal boiling point, meet the requirements to be considered clean and safe process. Among them, ASE (Accelerated Solvent Extraction),
Pressurized Hot Water Extraction (PHWE) or SWE (Subcritical Water Extraction) are promising techniques for food related uses (Mendiola, J.A. et al. 2007 ).
PLE (Pressurized Liquid Extraction, commercially named as ASE or
Accelerated Solvent Extraction), processes normally uses temperatures around 100-200
ºC and pressures around 6-12 MPa. When water is used in PLE its commonly named as Pressurized Hot Water Extraction (PHWE) or SWE (Subcritical Water Extraction) when working conditions are over 280 ºC and 1.6 MPa (Mendiola, J.A. et al. 2007 ).
The increase on the extraction temperature can promote higher solubility of the chemicals by increasing both, solubility and mass transfer rate. Besides, the high temperatures decrease the viscosity and the surface tension of the solvents, which helps to reach areas of the matrices more easily, improving the extraction rate. Among the different properties of interest for an extraction process, the most useful is the change in the dielectric constant of the water with the temperature that leads the water to behave like an organic solvent; for instance, decreasing from 80 at room temperature till around
Hence, considering the bioactivities of hop´s prenylflavonoids, and in particular those of IX, the goal of the present investigation was to study the selective extraction of IX through friendly environmental technologies such as PHWE (Pressurized Hot Water Extraction) and PLE (Pressurized Liquid Extraction). The extraction process has been evaluated in terms of antiinflammatory properties, their total phenolic composition and content in the most relevant prenylflavonoids. 
EXPERIMENTAL

Samples and chemicals
Solid-liquid extraction
The solid-liquid extraction was used as a control method to determine the total amount of XN and IX. The extraction procedure was as follows: cryogenically crushed hops were mixed with DMSO (1 g hop/40 mL of DMSO) and left in agitation at room temperature, for 24 hours in darkness. Samples were filtered and the cake obtained underwent the same process; this was repeated with fresh DMSO until no XN nor IX were detected in the extract. 
Pressurized liquid extractions
were carried out), 5. Cell is rinsed, 6. Solvents are purged from cell with N 2 gas, 6.
Finally depressurization takes place.
Extracts were stored dried at 4ºC. Ethanol and hexane were evaporated using a rotary evaporator R-210 (from Büchi Labortechnik AG, Flawil, Switzerland). Water was removed by freeze drying (Freeze Dry System, Model 79 480, Labconco
Corporation, Missouri, USA).
HPLC-DAD
Subcritical water extracts at four different temperatures (50ºC, 100ºC, 150ºC and The mobile phase consisted of (A) 1% acetic acid in acetonitrile (B) 1% acetic acid in water and (C) 1% acetic acid in methanol in a gradient-elution analysis programmed as follows: 0 min, 44% B 0% C; 0-10 min, 51% B 5% C; 10-12 min, 44% B 0% C; with 5 min of post time at a flow rate of 1 mL/min. The column temperature was set at 25ºC and the injection volume was 20 µL. The detection wavelengths were set at 370 nm for XN and 280 nm for IX and 8-PN, respectively.
HPLC-MS/MS analysis of the extracts
Analytical conditions
Analyses of individual extracts obtained using water and ethanol at 150ºC and sequential extracts with hexane, ethanol and water were performed with an Accela
(Thermo Electron Corporation; San Jose, CA) equipped with an ACE 3 C18-AR column 150 x 4.6 mm, 3 μm particle size (Advanced Chromatography Technologies, Aberdeen, UK). Extracts were injected (20µl) in a concentration equal to 2.5 mg/mL of DMSO. The mobile phase was a mixture of solvent A (1% formic acid in acetonitrile), B (1% formic acid in methanol), C (1% formic acid in water) and D (methanol) according to the step gradient shown in Table 1 , lasting 32 min. Flow rate was 0.6 mL/min. Detection was accomplished by using a mass spectrometer ( 
Method validation
Standards of XN and IX were used to develop and validate the HPLC method.
Validation was carried out following the ICH guidelines (1996) and IUPAC technical
report of 2002 (Thompson, M. et al. 2002 determining selectivity, limits of detection and quantitation, linearity, precision and trueness.
The reproducibility of the analytical method was performed on a sample containing 1.25 μg/mL of IX at different days and different elapsed assay times. The linearity of response was determined by preparing solutions containing 0, 0.125, 1.25, 1.562, 3.125, 12.5 and 25 μg/mL of XN or IX in methanol. LOD and LOQ were obtained according to the above cited reports.
Folin-Ciocalteu method to determine total phenols
Total phenols were determined as described by Kosar et al. (2005) with a modification: methanol is replaced by DMSO due to the low solubility of the extracts in the other solvents. Freeze-dried samples, from PLE extractions, were dissolved in a solution of 5 mL of 1.3% HCl in DMSO and the resulting mixture (100 μL) was added to 2 mL of 2% aqueous sodium carbonate solution. After 3 min, 100 μL of 50% FolinCiocalteu´s reagent was added to the mixture. After 30 min standing, absorbance was measured at 750 nm using a microplate reader (Sunrise Remote, Tecan Austria GmbH, Grödig, Austria). Content of total phenols was calculated on the basis of the calibration curve of gallic acid.
Anti-inflammatory activity
Subcritical water extract at 150ºC was selected to perform anti-inflammatory assays. Human THP-1 monocytes cell line were maintained in suspension in RPMI 1640 culture medium (ATCC) supplemented with 10% FBS (GIBCO Invitrogen, Pasley, Scontland, UK), 100 U/mL penicillin (GIBCO), 100 mg/mL streptomycin
(GIBCO), 0.05 mM β-mercaptoethanol (Sigma-Aldrich, St Louis, MO, USA) and 2 mM L-glutamine (GIBCO), at a density of 3-9 x 10 5 cells/mL at 37 °C in 5% CO 2 and air 95%. Cells were discarded and replaced by frozen stocks every 15 passages.
For cell differentiation, cells were pelleted via centrifugation and assessed for viability using the Trypan-blue exclusion method (Tolnai, S. 1975 hours at 37ºC in 5% CO 2 . Aliquots were analyzed to determine secreted cytokines.
Cytokines IL-10, IL-6 and TNF-α were quantified using ELISA kits from BD Biosciences (San José, CA, USA), according to the manufacturer's instructions. Briefly, 100µL of 1:10 diluted medium was added to anti-cytokine antibody coated polystyrene wells and incubated for 2h. After washing, the plates were incubated with biotin-labeled secondary antibody for 1 hour. The plates were washed and incubated for 30 min in the dark with substrate solution. Stop solution was added and the absorbance read at 450 nm. Indomethacin (a non steroidal anti-inflammatory drug) at pharmacological doses was used as a control. Standard IX, at the same amount that present in the subcritical water extract (per gram), was also tested to correlate the anti-inflammatory action to the presence of this compound.
RESULTS AND DISCUSSION
Pressurized Hot Water Extraction
In order to optimize the effects of PHWE of hops four extraction temperatures were tested: 50ºC, 100ºC, 150ºC and 200ºC. In Table 2 are shown the obtained results in terms of yield (% dry weight) and concentration factor of the total amount of IX, XN and 8-PN, quantified by HPLC-DAD according to Bernal et al (2011) .
The results indicate that in extractions with pressurized water, as described in material and methods, the yield increases with temperature. Thus, temperatures over the boiling point, when the effect of pressure is noteworthy, lead to step up the yield in 50%, approximately, respect to the extractions performed below, or at, 100ºC. In a similar way, as shown in Table 2 , it is observed a clear rise in the amount of the quantified prenylfalvonoids (IX, XN) with the temperature of extraction, being the effect of pressure clearly noticeable when extractions are performed at higher temperatures, i.e. 150ºC and 200ºC. For the formers, the prenylflavonoids are threefold respect the extraction performed at 100ºC, and more than thirtyfold when compared with the obtained results at 50ºC. The concentration factor as well as the extraction yield of prenylflavonoids was lower at 200ºC than at 150ºC, these results it might be due to degradation of these compounds at the highest temperatures. Nevertheless, the differences were not statistically significant (Table 2) . Furthermore, together with the aforementioned parameters it seems advisable to take into consideration others such as selectivity. To this respect, the chalcone xanthohumol is detected at all the studied temperatures while its derivative, the flavanone isoxanthohumol, is only detected at the higher temperatures, i.e. at 150ºC and 200ºC. On the other hand, some clogging problems were observed at 200ºC, together with a more motley chromatographic
profile, that revealed new compounds do not detected at 150ºC and for those new ones the HPLC-DAD used method was not useful to identify (Figure 1 ).
The exposed results lead to select the extraction performed at 150ºC as the most convenient. However, at this point, a more complete characterization of the extracts and more accurate quantification of phytoestrogens were needed. Thus, a new HPLC-MS/MS method was developed to analyze and quantify phytoestrogens in hop's extracts. Use of MS allowed also the identification of several other compounds that could also contribute, to some extent, to the biological activities, below described, of the extracts. In fact the mass analyzer used was a triple quadrupole, which is designed to obtain a high accuracy in quantitative analysis.
Validation of the LC-MS/MS method was carried out according to material and methods as described in section 2.4.2. Standards of IX and XN showed a retention time of 4.5 min and 14.7 min, respectively, with a relative standard deviation (RSD) lower than 2%. The LOD and LOQ obtained were: 0.064 μg/mL and 0.07μg/mL for IX and 0.008 μg/mL and 0.01 μg/mL for XN. The linearity was maintained in the concentration range of 0.07 -3.25 μg/mL (r= 0.998) for IX and 0.01 -3.125 μg/mL for XN (r=0.993).
In terms of reproducibility, the RSD value of intraday and interday analysis was lower than 2% (1.6 % for intraday and 1.7% for interday analysis).
In order to compare these concentrations with total amount of XN and IX present in hop, a series of extractions with DMSO were done until hop was exhausted.
These extractions were carried out using mild conditions (agitation in dark, at room temperature) to avoid isomerization and degradation. The analytical results showed contents in xanthohumol near to six fold than isoxanthohumol, with average values of 0.67 mg/g of dry hop and 3.93 mg/g of dry hop, for IX and XN respectively; being these amounts within standard content for IX and XN in hop pellets and cones (Magalhaes, 
Pressurized Liquid Extraction
To compare a possible better fit of PHWE, for IX extraction, with other PLE technologies ethanol and a sequence of three solvents (hexane, ethanol and water) were used. Ethanol was one of the first solvents used in the beginning of the last century for the extraction of aromatic and bitter components from hop. Ethanol is a very strong solvent with low selectivity, extracting a bunch of compounds (e.g. lupulin components, plant pigments, cuticular waxes, etc) further than flavonoids. On the other hand, a sequence of solvents, as described above, should extract in a first step (hexane) those compounds of lowest polarity, such as terpenes, waxes and bitter acids; cleaning the extraction cake for further extractions with more polar solvents, ethanol or water, more suitable for flavonoids, at least under PLE conditions.
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In Table 3 When an alternative strategy is used, i.e. a sequential extraction where solvents were used in order of increasing polarity (first hexane, later ethanol and finally water) yields did not improve. As shown in Table 3 the amount of IX and XN extracted with hexane (1 st extraction) and water (3 rd extraction), under our conditions, was negligible in comparison with other solvents (PHWE, PLE-EtOH, PLE-EtOH-2 nd ). However, PLEEtOH-2 nd extraction gave the highest yield with ca. 5 mg/g and ca. 2 mg/g of extract for IX and XN, respectively, although with low selectivity towards IX such as the ratio IX/XN shows. From a practical point of view such strategy can be discharged, however some interesting observations can be done. Thus, it should be notice that the ratio IX/XN increases with solvent polarity and that even in the extraction with hexane this one is higher than the ratio of the raw material; which can be explained by the effect of
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16 P and T, favouring the isomerization of XN into IX (Stevens, J.F. & Page, J.E. 2004; Stevens, J.F et al. 1999) .
As can be seen in Table 3 and Figure 2 , comparing the different extraction methods, the selectivity of these processes has notable variations. In this sense, the selectivity, regarding to IX, of water under pressurized hot water conditions was, as previously mentioned, much higher than the sequential extraction and the individual extraction with pressurized ethanol. In fact, the pressurized water extraction at 150ºC 
Other compounds
In Figure 2 is shown a qualitative chromatographic profile of the different extracts. As can be see, with the selected filter, no other prenylflavonoids seem to be present in the extracts. However, together with a low amount of prenylflavonoids there are present many other compounds that can perform any biological activity. To this
respect we centered our efforts in evaluate the content of phenols and the presence of bitter acids.
The Folin-Ciocalteu analysis of hops extracts revealed the presence of phenolics in all of them, with the highest content in the hexane fraction (sequential extraction), being irrelevant the content in prenylflavonoids. On the other hand, the extract obtained by PHWE and both ethanolic extracts showed the highest relative amount in prenylflavonoids (see Figure 3) . Phenolic compounds show a very limited or negligible solubility in hexane (Markham, K.R. 1982), which lead to explain the results by some kind of interaction in Folin reaction, as described in the literature (Box, J.D. 1983 ), which could be due to any phenolic terpenes or bitter acids.
On the other hand, chemical characterization of extracts resulted on the identification of compounds other than prenylflavonoids. Those compounds were detected in both ethanolic extracts as well as in the hexane fraction. These non-polar compounds appear in the last part of the chromatogram (less polar) at retention times ranging from 16.9 to 20.3 min ( Figure 4 ); they were identified as bitter acids, using their characteristic parameters (molecular weight and UV spectra) which are shown in Table   4 . Among them were identified humulone and its different isoforms corresponding to α-acids and colupulone and its different isoforms, corresponding to β-acids. The presence of bitter acids in these extracts is consistent with the polarity of the used solvents such as hexane and ethanol.
Anti-inflamatory activity
A C C E P T E D M A N U S C R I P T 18
Considering the selectivity, regarding IX, of PHWE extracts at 150ºC, and attending to the anti-inflammatory properties described for prenylflavonoids (Zanoli, P. show significant changes, when compared with control, for the production of cytokine IL-10 (anti-inflammatory). However, production of proinflammatory cytokines was lower than in the control. Finally, PHWE extract showed similar production of cytokines IL-10 and TNF-α that indomethacin, which may indicates some kind of antiinflammatory activity based on the indomethacin activity. On the contrary, production of the proinflammatory cytokine IL-6 was only ca. 10% less than in control and about the double than the produced by indomethacin treatment.
It may be concluded that PHWE extract shows, to some extent, antiinflammatory activity based in the production of anti-inflammatory and proinflammatory cytokines, being stimulated its production for the first one and reduced for the other two. Furthermore, this anti-inflammatory activity cannot be explained by the activity of IX. Thus, treatment 4, which only contains IX, showed to be less effective, than PHWE extract an indomethacin, depressing the production of TNF-α or increasing the production of IL-10, but more effective regarding to IL-6. Therefore, the
anti-inflammatory activity of PHWE extract may be higher than that of IX due to the contribution of other unidentified compounds present in the extract, such as phenolic or bitter acids.
CONCLUSIONS
In this work, it's been demonstrated the feasibility of a new environmentally friendly process, based on the use of subcritical water at 150ºC, to selectively isolate IX from hops. The extracted IX can be used as a precursor of 8-PN. The extraction method based in water, have proved to be more selective than process based on subcritical ethanol or sequential extraction with different solvents although the yield should be improved in further research. On the other hand the extract has demonstrated its capacity to increase the production of IL-10 and to decrease the production of TNF-α and IL-6, with a similar activity of a commercial drug used to treat the inflammatory processes.
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